Mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke (MELAS) syndrome is a progressive multisystemic neurodegenerative disorder. MELAS syndrome impairs oxidative phosphorylation and predisposes patients to lactic acidosis, particularly under metabolic stress. We report 2 siblings with MELAS-associated idiopathic scoliosis who underwent posterior spinal instrumented fusion with measures taken to minimise anaesthetic and surgical stress, blood loss, and operating time.
disorder caused by a single base A3243G point mutation in the mitochondrial transfer RNA Leu (UUR) gene; the onset of symptoms is typically between the ages of 2 and 20 years. 1 Scoliosis is not a typical clinical feature of MELAS. 2 We report 2 siblings with MELAS-associated idiopathic scoliosis who underwent posterior spinal instrumented fusion with measures taken to minimise anaesthetic and surgical stress, blood loss, and operating time.
Case reports

Patient 1
In April 2007, a 10-year-old female presented with adolescent idiopathic scoliosis with a 38º main thoracic Lenke 1BN curve. She was first treated with a Boston brace, but the curve progressed to 55º 2 years later (Fig. a) .
A posterior spinal instrumented fusion by 2 surgeons simultaneously was planned. The induction anaesthesia comprised intravenous propofol, atracurium, and fentanyl. During surgery, boluses of atracurium, morphine, and volatile anaesthetic sevoflurane were used. Temperature was maintained with an underbody forced air-warming device. A centrifugal cell salvage device was used. Pedicle screws were placed at alternate levels from T4 to T12; vertebrae were reduced by translation without segmental derotation. Somatosensory evoked potential (SSEP) was monitored. Autogenous bone grafts were harvested from the spinous processes, transverse processes, and the facet joints. The operating time was 150 minutes; the estimated blood loss was 1000 ml (30 ml/kg); and cell salvage was 470 ml.
Postoperatively, patient-controlled analgesia (1 mg boluses of morphine) was used for pain control. Oral paracetamol and celecoxib were also given for breakthrough pain. The haemoglobin level was 10.8 g/dl; no blood transfusion was needed. The length of hospital stay was 4 days; there was no complication. Fusion was confirmed at 6 months.
Three years later, she was diagnosed with MELAS syndrome after her sister was diagnosed with the same condition owing to repeated chest infections. She underwent genetic testing and showed an m.3243A>G mutation with mutation load of 50% and m.3290T>C mutation. At 6 years, her Cobb angle was 15º; the correction rate was 73% (Fig. a) .
Patient 2
In November 2012, her 10-year-old sister presented with pneumonia and respiratory distress requiring mechanical ventilatory support. In view of her myopathic facies with muscle wasting, muscle biopsy and genetic analysis were performed. Numerous cyclooxygenase positive ragged red fibres indicated a mitochondrial disorder. Homoplasmic mutation of m.3243A>G and m.3290T>C was detected. The former is the most common genetic mutation for this particular mitochondrial subgroup.
In addition, she had a severe scoliosis with a right-sided long thoracolumbar curve; the Cobb angle from T9 to L3 was 65º (Fig. b) . A posterior spinal instrumented fusion by 2 surgeons simultaneously was planned. Her preoperative haemoglobin level was 13.5 g/dl, and lactate level was 3.6 mmol/l. Precaution was taken to ensure normoglycaemia and normothermia. Target-controlled infusion of remifentanil was combined with volatile anaesthetic desflurane. No muscle relaxant was used. Anaesthesia was maintained with desflurane and a target-controlled infusion of remifentanil to achieve a bispectral index value of 40 to 60. The use of lactated Ringer's solution was avoided.
The patient was maintained normothermic with the use of an underbody forced air warming device with water bath coaxial fluid and blood warming device. In anticipation of major blood loss, a centrifugal cell salvage device was used. SSEP was monitored. Exposure and insertion of pedicle screws at alternate levels from T6 to L4 were performed simultaneously. Vertebrae were reduced using the rod translation method and segmental derotation. Local autogenous bone graft was used. The operating time was 130 minutes; the estimated blood loss was 500 ml (14 ml/kg); cell salvage was 240 ml; and the
Figure
Preoperative haemoglobin level was 11.6 g/dl. Postoperatively, the arterial blood gas showed hypercarbic respiratory acidosis that was resolved with transient non-invasive ventilatory support. The hypercarbic state was likely secondary to pre-existing respiratory muscle weakness that was worsened by the use of opioids. Acute pain was managed with oral paracetamol and ibuprofen combined with patientcontrolled analgesia with morphine. Electrolyte and lactate levels were within an acceptable range. The Table  13 patients with mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke (MELAS) syndrome who underwent surgery that required general anaesthesia length of hospital stay was 6 days; there was no complication. Fusion was confirmed at 6 months. At 2 years, her Cobb angle was 25º; the correction rate was 62% (Fig. b) .
discussion
Mitochondrial disease results in a metabolic deficit in oxidative phosphorylation and impaired integration of pyruvate into tricarboxylic acid (Krebs cycle) 3 and predisposes to lactic acidosis, especially under metabolic stress. In patients with MELAS syndrome, physiological insults such as hypothermia, hypoglycaemia, hypovolaemia, or hypoxia increase the risk of lactic acidosis and perioperative complications. Efforts should be taken to minimise anaesthetic and surgical stress, blood loss, and operating time. Blood loss for adolescent idiopathic scoliosis surgery has been reported to be 800 to 2000 ml. [4] [5] [6] [7] Increased blood loss is associated with longer operating time, neuromuscular disorders, and surgeon experience. [8] [9] [10] Two surgeons performed simultaneous dissection and insertion of pedicle screws; this reduces peri-operative morbidity in spine surgery. 11, 12 The operating time was <3 hours; blood loss was minimised with meticulous subperiosteal dissection and harvesting of local bone grafts rather than the iliac crest. Haemodynamic status was monitored, and cell salvage was used.
It was unknown if the neuromuscular impairment in MELAS syndrome contributed to the development of scoliosis. The scoliosis was more idiopathic than neuromuscular in origin. In patient 1, despite performing a selective thoracic fusion, there was no progression of the compensatory lumbar curve or add-on phenomenon of the main thoracic curve. In both patients, the lower-instrumented vertebrae were the vertebrae that were 'touched' by the central sacral vertical line and not the stable vertebrae as would be the recommendation for neuromuscular scoliosis. The correction was maintained at the last follow-up.
Inhalational anaesthetics are preferred over total intravenous anaesthesia with propofol, as propofol may further depress mitochondrial function in patients with mitochondrial disorder, 13 especially when used at a high dose and for long duration. Two patients have been reported to develop metabolic complications (i.e. lactic acidosis and hyperlactaemia) after surgery, possibly related to the MELAS syndrome. 14, 15 In our patients, intravenous propofol was used as an induction anaesthetic but no complication was encountered. Therefore minimizing operating time and blood loss may be more important.
Motor-evoked potentials 16, 17 are more sensitive to interference by inhalational anaesthetic agents and thus were not used to monitor neurophysiological status in our patients. All inhalational anaesthetics produce a dose-related reduction in amplitude and increase in latency of SSEP. 18 The combined use of a potent opioid remifentanil reduced the inhalational anaesthetic requirement that enabled acquisition of acceptable SSEP.
Nine studies reporting 13 patients with MELAS syndrome who underwent major surgery that required general anaesthesia were found in MEDLINE from January 1966 to June 2015 (Table). 14,19-26 There were 3 postoperative mortalities at 30 days, 3 months, and 1 year, as well as 3 patients with asymptomatic metabolic and electrolyte abnormalities.
conclusion
Posterior spinal instrumented fusion can be safely performed in patients with MELAS syndrome when anaesthetic and surgical measures are taken to minimise metabolic stress peri-operatively.
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